Introduction
[2] The Himalaya and Tibetan Plateau are the spectacular result of the Cenozoic collision between India and Asia. Recent studies have advanced understanding of this continent-continent collision. Magnetotelluric (MT) data revealed a low resistivity layer at mid crustal depths which suggested the presence of crustal fluids [Nelson et al., 1996; Unsworth et al., 2005] . This is significant since fluids such as melt or water can significantly change the rheology of the crust and control the style of deformation [Beaumont et al., 2001; Klemperer, 2006] . However, to fully understand the tectonic processes associated with the collision, and compare with previous results, it is necessary to study other parts of the orogen such as the northwest Himalaya of India where slower convergence is occurring [Klootwijk et al., 1985] . The HIMPROBE project was initiated to study the northwest Indian Himalaya and has combined passive seismic, MT and geological observations [Jain et al., 2003] . Broadband MT data showed that low resistivity characterized the mid-crust [Gokarn et al., 2002] but the long period signals needed to image the lower crust and upper mantle were not recorded. Long period magnetotelluric (LMT) data were collected in 2002 and 2003 on the same profile as Gokarn et al. [2002] . In this paper, these new LMT data are described and their tectonic implications discussed.
Geological Setting
[3] The LMT profile (Figure 1 ) crosses the four major litho-tectonic belts that extend the entire length of the Himalaya. In the south of the study area are the high-grade gneisses of the High Himalaya. These rocks are bounded on their upper surface by the north dipping Southern Tibet Detachment and are interpreted as a thrust sheet of India continental basement displaced southward along the Main Central thrust. To the north the profile crosses the Tethyan Himalaya, a low-grade meta-sedimentary sequence deposited on the passive Indian continental margin of the Tethys Ocean prior to collision. The Tso-Morari crystalline complex is located in the northern part of the Tethyan Himalaya and is an exhumed section of high-grade metamorphic basement [Thakur, 1983] , similar to the Kangmar dome in southern Tibet [Lee et al., 2000] . Ultra-high pressure rocks are also exposed in the Tso-Morari dome and are related to deep subduction process [Sachan et al., 2004] . The Tethyan Himalaya is bounded to the north by the Indus Tsangpo Suture Zone (ITSZ) that separates rocks of Indian and Asian origin. This narrow zone is bounded to the south by the steeply south-dipping Main Zanskar Backthrust, and is composed of remnant ophiolitic mélange, forearc flysch, volcanic rocks and post-collision Indus molasses [Thakur, 1981] . To the north of the ITSZ, the Ladakh batholith complex is the product of the island arc magmatism during the pre-collision subduction and is dominated by granitoid and calk alkaline intrusives [Rai, 1980] . Significant strikeslip movement occurs in this area, dominantly along the Karakoram fault system [Murphy et al., 2000] .
Magnetotelluric Data Collection and Analysis
[4] Long period MT data were collected at 15 stations using the University of Gottingen LMT system [Steveling and Leven, 1992] . The time series data were processed to give estimates of the impedance tensor and induction vectors using statistically robust processing in the period range 10-10000 s. The geoelectric strike was investigated using the tensor decomposition algorithm of McNeice and Jones [2001] . Single site decomposition revealed a strike direction that was parallel to the major geological features (Figure 1, inset) for the period range 10-3000 s. Multi-site tensor decomposition was found to give acceptable fits to the measured impedance data by analyzing the impedance data in two groups. Stations north of the Indus suture gave a strike N 38°W while the southern group has a strike is N 52°W. The magnetic field transfer functions (T zy ) are of high quality and the induction vectors generally point across strike supporting the results of the tensor decomposition. The MT data are displayed in a N45°W co-ordinate system that represents an average geoelectric strike (Figure 2 ). High phases are observed at short periods (10 -100 s) at most stations, indicating the presence of a crustal conductor. Data at a typical station are shown in Figure 3 .
[5] The MT data were inverted using the algorithm of Rodi and Mackie [2001] . It was found that both the transverse magnetic (TM) mode and vertical magnetic field data could be fit with the resistivity model in Figure 4 . This fits the measured data with a normalized root-mean-square (r.m.s.) misfit of 1.60. Static shift coefficients were estimated directly by the inversion algorithm and also by down weighting the apparent resistivity data. Both approaches gave similar results. The stability of the model was investigated through additional inversions with a range of control parameters and constrained inversions that began with edited versions of the model. This analysis showed that the major features in Figure 4 were required by the MT data.
The model in Figure 4 shows some differences from that reported by Gokarn et al. [2002] , who collected higher frequency MT data on the same profile. The most significant difference is that the very low resistivity zone in the upper crust beneath the Tso-Morari dome is absent. Such a low resistivity zone would produce a large anomaly in the vertical magnetic field, and this is not observed in Figure 2 . Gokarn et al. [2002] did not use vertical magnetic field data and this limited the resolution of their study.
Interpretation

Indian Upper Crustal Features (ITSZ and TMD)
[6] The relatively low frequencies and station spacing of the LMT data is not ideal for detailed imaging of upper crustal structure. However, the shallow part of the model is consistent with the known geology, giving an important validation of the data analysis. The upper crust is generally resistive (>300 Wm) along most of the profile to a depth of 15 km. This is compatible with the exposed lithology of granitic rocks in the Ladakh Batholith and the crystalline gneisses in the Tethyan Himalaya. The Indus suture is imaged as a northeast dipping low resistivity zone that merges with the low resistivity mid-crustal layer. The low resistivity at least in the upper section may be attributed to underthrust sedimentary rocks [Thakur, 1981] . Note that the ITSZ suture in Southern Tibet was not imaged as a low resistivity zone [Unsworth et al., 2005] . New GPS data suggests that deformation along the southern margin of Tibet is accommodated by southward extrusion whereas deformation in the NW Himalaya is dominated by strikeslip movements along the Karakorum Fault [Zhang et al., 2004] . The weak post-collision deformation along the ITSZ in western Himalaya coupled with relatively slower convergence may have preserved the near sub-vertical structure of the ITSZ, which is lost by extrusion along the southern margin of the Tibet.
[7] Immediately south of the Indus suture, the two narrow zones of low resistivity dominate the near surface geoelectric structure and are coincident with the northern and southern limbs of the Tso-Morari dome. The presence of two closely spaced but distinct conductors is revealed by reversals in the sign of the magnetic field transfer functions at short period (Figure 2 ). On the basis of seismic reflection data, it has been inferred that the ITSZ in Southern Tibet is underlain by an ophiolitic slab that was emplaced onto the passive continental margin of India prior to the collision . Scattered outcrops of ophiolite are present west and east of the MT profile in the NW Himalaya of India (inset in Figure 1 ) and are considered to be the exposed segment of an ophiolite slab [Searle et al., 1997] . According to this hypothesis, during the post collision period the obducted ophiolite slab has undergone extensive folding and structural reorganization and along with underlying carbonate rich shelf sediments were restacked to surface. A narrow surface outcrop of ophiolite between the Tso-Morari dome and the ITSZ could be the remnant of this obducted ophiolite slab along the Main Zanskar backthrust The transformation of organic material to graphite during deformation and/or the serpentization of the ultramafic rocks may have produced the observed low resistivity zones.
Mid-Crustal Layer
[8] The geoelectric structure south of the Indus suture is characterized by a northeast dipping low resistivity zone ($30 Wm). The receiver function analysis of the HIMPROBE data identified the Moho of the underthrusting Indian Plate as shown in Figure 4 [Rai et al., 2006] . The depth of the Main Himalayan Thrust (MHT) is inferred from a uniform crustal thickness and denotes the top of the Indian Plate. The dipping low resistivity zone delineates the MHT and likely represents accreted sedimentary rocks overlying the underthrust Indian plate. The geoelectric structure in this region is significantly different to that observed in Southern Tibet, where the dipping zone of low resistivity above the MHT was much less conspicuous [Unsworth et al., 2005] . One possible explanation is that the volume of granitic intrusives formed by continental magmatism is less in the Indian Himalaya than in Southern Tibet [Burg et al., 1984; Yin, 2006, Figure 2] . Reduced magmatism and slower convergence may facilitate more direct underthrusting of sediments. These rocks produce the dipping low resistivity layer imaged in this study.
[9] North of the Indus Suture zone, the dipping low resistivity zone flattens out at 20-25 km depth and the resistivity decreases to around 5 -10 Wm. The low resistivity may indicate the presence of fluids, either partial melt, aqueous fluids or a combination [Unsworth et al., 2005] . The presence of fluids is significant since it implies a reduced viscosity and supports the hypothesis that channel flow and extrusion, as envisioned by Beaumont et al. [2001] could be occurring in the Indian Himalaya, in addition to Southern Tibet at 90-92°E. The resistivity in this layer is a 2-3 times higher than in Southern Tibet, and implies a lower fluid fraction around 5% [Unsworth et al., 2005] . The southern edge of the low resistivity layer is located beneath the ITSZ, in contrast to southern Tibet where the layer extended at least 100 km to the south [Unsworth et al., 2005] . This may be a consequence of the slower convergence in the Indian Himalaya, which could result in slower flow in a mid-crustal layer [Klootwijk et al., 1985] . This hypothesis is supported by smaller volumes of granitic extrusives in the Indian Himalaya compared to Southern Tibet [Burg et al., 1984] . It is also be possible that the overall conductance and extent of the mid-crustal layer in southern Tibet may be affected by east-west extension, as expressed by the north-south rift zones. This hypothesis is supported by the seismic surveys that showed that bright spots, providing strong evidence for the presence of partial melt, are not mapped outside the rift zone [Haines et al., 2003] .
Structure of Lower Crust and Upper Mantle
[10] The Indian lithosphere that underlies the mid-crustal conductor has a relatively high electrical resistivity owing to composition of crystalline rocks. The resistive Indian lithosphere extends significantly north of the Indus suture. MT data have decreased resolution beneath a conductor and sensitivity studies are required to determine if model features can be resolved. A synthetic inversion showed that the MT data are sensitive to the resistivity of the lower Indian crust and upper mantle. Note that mid-crustal layer in the northwest Himalaya has a conductance (integrated conductivity) around 3000 S that is lower than the 10000 S conductance in Southern Tibet. This lower conductance allows imaging of the lower crust that was not possible in Southern Tibet. A decrease in deep resistivity is observed at the northeast end of the profile. The change in deep electrical structure is similar to that observed in central Tibet at 90-92°E where anomalously low resistivities were observed in the upper mantle north of the BanggongNuijiang suture [Unsworth et al., 2004] . It is significant that this same north-south transition is also observed in the Indian Himalaya, despite the fact the Tibetan Plateau is much shorter in north-south extent at this location. This may imply that a northward decrease in electrical resistivity due to a shallowing asthenosphere, is a ubiquitous feature of the Tibetan orogen.
Conclusions
[11] The long-period MT data presented in this paper have shown that resistivity structures in the northwest Indian Himalaya are similar to those imaged in Southern Tibet. A broad low resistivity zone is present in the midcrust beneath the ITSZ and Ladakh and may be due to the presence of a few percent partial melt. The northern end of the profile shows a decrease in the deep resistivity of the lithosphere that is similar to observations further east on the Tibetan Plateau. This deep zone of low resistivity may indicate the presence of shallow asthenosphere. In contrast to Southern Tibet, the Indus suture appears as a low resistivity zone and the Tethyan Himalaya are characterized by a north dipping zone of low resistivity above the Main Himalayan Thrust that may be due to underthrust sedimentary rocks.
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